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Port of Wilmington Terminal Soil Improvement
James F. Cloonan
Duffield Associates, Inc., Consultants in the Geosciences, Elkton,
Maryland

SYNOPSIS The design and construction of the Chiquita Brands maintenance facility over deep soft
compressible river silts presented numerous challenges which necessitated innovative engineering
solutions. Selection of a suitable building foundation system required the owner to assess both
the costs and risks associated with the alternatives. The facility was designed to allow vertical
settlement while minimizing operational constraints. This paper presents a case history of the
use of strip drain/surcharge soil stabilization and a shallow mat foundation system as a
successful cost efficient alternative to traditional deep foundation design. Engineering
monitoring and consultation during the strip drain installation, soil surcharge period and
building slab construction is discussed and demonstrates the importance of the review process and
that the final phase of design occurs during construction.

INTRODUCTION
The Chiquita Brands Maintenance Terminal,
located at the Port of Wilmington, Delaware,
was constructed on a shallow foundation system
consisting of a reinforced concrete mat,
supported by a layer of compacted structural
fill over an area of highly compressible river
sediments in excess of 100 feet in depth.
Subsurface stabilization prior to building
construction included strip drain installation
and soil surcharge to induce anticipated
settlements within an acceptable time frame for
building construction. Post construction
settlement of the building slab has been
monitored since completion of construction in
September 1990. This paper presents a summary
of the data obtained during the evaluation and
subsequent monitoring, and a discussion
concerning the long-term post construction
settlement of the facilities.
PROJECT SITE
The Port of Wilmington is located in
Wilmington, Delaware at the confluence of the
Christina River with the Delaware River. The
project location consists of an approximate
12 acre parcel bordering the Corp of Engineers
Wilmington South dredge spoil area along the
Delaware River. Much of this area was part of
the Delaware River and reclaimed by the Port of
Wilmington. A preliminary subsurface
evaluation of this area, performed by Duffield
Associates in 1987 for the Port of Wilmington,
provided information on the thickness of the
existing asphaltic concrete surface and the
depth of the miscellaneous debris material
utilized to fill the area by the Port in the
1970s. A deep test boring performed in 1987
indicated that soft sediment marsh and river
deposits were encountered below the
miscellaneous fill and consisted primarily of
medium to high plasticity organic silt

materials extending to an approximate depth of
110 feet.
PROJECT DESCRIPTION
In June 1988, Chiquita Brands requested
Duffield Associates to provide engineering
services for the evaluation, design and
construction of a container yard and
maintenance facility at the 12 acre parcel.
Engineering services provided included a
subsurface evaluation to provide
recommendations for the design and construction
of a pre-engineered steel frame maintenance and
office building. The building was to occupy an
area of approximately 120 x 140 feet with an
office mezzanine area of approximately
40 x 135 feet. Based on the 100 year flood
plain elevation for the Port area of elevation
10 feet (NGVD Datum), a minimum finished floor
elevation of 11 feet was estimated. At the
time of the evaluation, the general area
elevation was at 5± feet. Therefore, minimum
site grading requirements included 6 feet of
structural fill within the building area.
Additional fill was required to compensate for
consolidation settlement, to maintain a
finished first floor elevation above the 100
year flood elevation. Based on these
requirements, it was anticipated that
significant consolidation of the soft sediments
would occur, resulting in magnitudes of
settlement beyond that normally considered
tolerable for shallow foundation structures.
Typical building construction on the deep
highly compressible materials encountered at
the Port of Wilmington generally consists of
pile supported structures, with either
"floating" or structurally supported slabs.
This type of construction has often been
associated with several problems, including the
following:
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1.

Differential settlement between the pile
supported and "floating" elements of the
structure.

2.

settlement of site paving and utilities
relative to the pile supported structure.

3.

Negative downdrag or "skin friction" due
to consolidation of the compressible
soils. The resulting downdrag forces
often exceed the structural building loads
on the piles, requiring relatively high
capacity piles to provide the necessary
support.

2.

supporting the structure on a rigid mat over a
prepared subgrade would allow for more uniform
settlement of the building and surrounding
areas than the pile system alternative.
Analysis indicated that a rigid mat foundation
system constructed above the proposed finished
grades would result in a settlement of 36 to 4~
inches occurring over a period of 10 to 20
years. Therefore, placement of additional fill
material, to allow for settlement and to
maintain a minimum finished floor grade of
elevation 11 feet, was considered. It was alsc
recognized that the weight of the additional
fill would increase the magnitude of
settlement.

A subsurface evaluation and analysis program
was undertaken to consider the various
foundation alternatives including deep pile and
shallow foundation systems.

3.

SUBSURFACE EVALUATION
In July 1988, two (2) Standard Penetration Test
borings of approximately 130 lineal feet each
were performed by Duffield Associates at the
two (2) alternative proposed building
locations. The test borings were advanced
through the miscellaneous fill and compressible
soils into underlying materials considered
capable of supporting a pile foundation system.
The subsurface conditions encountered were
generally consistent with those observed during
the 1987 evaluation (test boring TB-1) prepared
for the Port of Wilmington.
In general, the subsurface conditions
encountered consisted of a 10 to 15 foot
surficial layer of miscellaneous debris
material including organic silt, sand, concrete
debris, gypsum, wood and brick. The
miscellaneous debris was underlain by medium to
high plasticity very soft consistency dark gray
organic silts interlayered with very thin, fine
micaceous sand lenses to a depth of
approximately 115 feet. These materials were
underlain by interlayered stiff silts and
medium to dense sand material.
Based on an engineering analysis of the
conditions encountered, several foundation
alternatives were considered:
1.

Deep Foundation System

Analysis indicated that the interlayered silt
and sand materials encountered at a depth of
approximately 115 feet would be considered
suitable for support of a deep pile foundation
system. A total pile length of approximately
140 to 150 feet, penetrating the bearing strata
25 to 35 feet, was considered necessary to
develop a 75 ton capacity pile. Analysis
indicated that a downdrag force of
approximately 60 tons could result from
negative "skin friction", reducing the net
allowable structural load to 15 tons per pile.

Conventional Shallow Foundation System Rigid Mat

Shallow Foundation System - Following Soil
Stabilization

Due to the relatively large amount of
settlement estimated to occur over a 10 to
20 year period, an alternative approach was
considered by which 70% to 90% of the expected
primary consolidation could be achieved over ai
approximate 6 month period and allow building
construction in 1990. This alternative
included the installation of vertical strip (ol
"wick") drains and a soil surcharge of the
building area.
Strip drains generally consist of thin
(approximately 1/4 inch thick) bands of
geosynthetic materials approximately 4 inches
wide. A typical drain is constructed of an
inner plastic sheet of knobbed or corrugated
texture plastic surrounded by a geotextile
filter fabric. The strip drains are advanced
into the ground to a specified depth by a
mandril, typically mounted on a large backhoe.
Primary consolidation results from the flow of
water from the soil pores under the pressure oJ
the applied loads. The strip drains reduce th~
distance water has to travel during dissipatioJ
of excess pore pressure and can, therefore,
reduce the time for primary consolidation.
Analysis indicated that installation of the
strip drains to a depth of 50 feet at an
approximate 5 foot spacing throughout the
building area followed by application of
12 feet of fill should result in approximately
36 to 48 inches of settlement over a 6 month
period. Following surcharge removal and
building construction, a post construction
settlement of 6 to 12 inches over a 10 to
20 year period was anticipated. Although the
compressible soils would not be completely
penetrated by the strip drains, analysis
·
indicated that a stabilized soil "mat" would b4
created by the strip drains (installed in the
top 50 feet) and soil surcharge, reducing the
post construction differential settlement
potential.
Preliminary estimates indicated that the cos1
of the soil stabilization and rigid mat would
be less than one third that of a deep pile
supported building. Based on the
recommendations of the subsurface evaluation
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FIGURE 1: SURCHARGE AREA AND PROPOSED BUILDING LOCATION

report and a review of the risks and benefits
of each alternative, Chiquita Brands elected to
proceed with the shallow foundation rigid mat
alternative, following a period of soil
stabilization to allow a majority of the
primary settlement by strip drain installation
and soil surcharge placement.

specified 50 feet. The strip drains in these
locations averaged approximately 10 feet in
depth. The areas of refusal were concentrated
along the northwest side of the strip drain
area in the general area of the proposed
terminal building offices. Figure 2, "As Built
Strip Drain and Final Building Location"
summarizes the areas of variable depth of strip
drain penetration.

SUBGRADE STABILIZATION

Surcharge Placement

Plans and Specifications

Following completion of the strip drain
installation, the earthwork contractor placed
and compacted granular surcharge material to
approximately 90% of the maximum dry density as
determined by the Modified Proctor Test
(ASTM: D 1557) • The compacted unit weight of
the soil was approximately 130 pounds per cubic
foot. Fill placement to elevation 17 feet was
completed on April 14, 1989.

Project plans and specifications were prepared
for the installation of approximately 1,300
vertical strip drains, spaced at maximum 5 foot
intervals within the proposed building area,
followed by placement of approximately 12 feet
of compacted granular fill surcharge to
elevation 17. The proposed building finished
floor was elevation 11. A plan view of the
proposed surcharge configuration and building
location is provided on Figure 1, "Surcharge
Area and Proposed Building Location."

Instrumentation
Between March 20 and March 27, 1989, Duffield
Associates installed instrumentation to monitor
the subsidence of the surcharge and fill
materials and consolidation of the underlying
compressible soils. Instrumentation included:

Strip Drain Installation
The strip drain contractor began the drain
installation on March 6, 1989. Each strip
drain location was marked in the field by the
project surveyor prior to installation.
Contract documents specified that the strip
drains be installed to a depth of 50 below the
surface of the soil work mat (elevation 8.5
feet).

1.

During installation, a layer of dense debris
material was encountered throughout much of the
strip drain area to a depth of approximately 10
to 15 feet below the work mat. Of the 1,361
proposed strip drain locations, it was not
possible to penetrate the debris material at
307 locations and extend the drains to the
1009

Settlement Plates - Six, 1 foot by 1 foot
steel plates with 1 inch riser pipes. The
purpose of the settlement plates was to
monitor the subsidence of the fill and
surcharge material to allow measurement of
settlement magnitude during and following
construction. This data was used to
obtain an indication of when the rate of
settlement had decreased to a level at
which the removal of the surplus surcharge
could be recommended. During the
surcharge period, the number of settlement
plates was eventually increased to nine to

INDICA'"'ES DGE OF
STRIP D'lAIN A~tA

LEGEND:
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AR'tA OF 10%± STRIP DRAIN PENETRATION
TO SPECIFIED 50 FOOT DEPTH

AR'tA OF GR'tATER T-IAN 90" STRIP DRAIN
PENE""RATION TO SPECIF EO D::PTH

AR'tA OF 50%± STRIP DRAIN PENETRATION
TO SPECIFIED 50 FOOT DEPTH
FIGURE 2: AS-BUILT STRIP DRAIN AND FINAL BUILDING LOCATION

SURCHARGE MONITORING

monitor the differential settlement
conditions observed.
2.

3.

The settlement data obtained during the initial
two month period following strip drain
installation and surcharge placement indicated
a magnitude of settlement, in the areas of
little or no (average 10 feet) strip drain
penetration, of approximately 50% of that
settlement occurring at adjacent areas which
received the specified 50 foot long strip
drains. At the end of this period, the
magnitude and rate of settlement and
corresponding piezometric levels indicated that
primary consolidation was ongoing but that the
settlement was occurring at different
magnitudes and rates throughout the proposed
building site.

settlement Points (Barros type) - Three
settlement points were installed to depths
of approximately 50 feet (elevation 41.5). The settlement points were located
at a depth corresponding to the
approximate bottom elevation of the strip
drains. The Borras points consist of an
anchor and inner rod sleeved by a larger
diameter outer rod. The purpose of the
Borras points was to monitor the magnitude
of settlement of the lower portion of the
compressible soils, which did not receive
strip drains, between a depth of
approximately 50 to 115 feet below grade.
This allowed the magnitude and rate of
settlement of the lower soils to be
determined independently of the upper
soils.

Based on review of the instrumentation data,
during the available surcharge period Duffield
Associates recommended two additional
applications of surcharge. In June 1989,
approximately 6 feet of additional surcharge
(approximately 800 psf) was placed over the
area corresponding to the terminal offices and
the building area which did not receive strip
drain penetration to the specified 50 feet
depth. The purpose of this surcharge was to
increase the magnitude and rate of settlement
in these areas thereby reducing (though not
eliminating) the potential post-construction
differential settlement conditions.

Piezometers - Five piezometers were
installed at three locations. The purpose
of the piezometers was to monitor excess
pore pressures in the underlying
compressible soils, both in areas where
drains were installed and in areas not
penetrated by strip drains. An indication
of the progress of soil consolidation was
obtained through monitoring the
piezometric levels during the construction
and surcharge periods.

In September 1989, following a surcharge
period of approximately 5 months, a review of
the instrumentation data indicated that the
settlement magnitude and rate continued to be
highly variable across the fill area. The

The instrumentation locations are indicated on
Figure 3, "Settlement Monitoring Locations."
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FIGURE 3: SETTLEMENT MONITORING LOCATIONS

estimated progress of the primary consolidation
appeared to be dependent on the presence of the
vertical drains. In areas where the drains
were installed to 50 feet in depth and at
5 foot centers, the estimated completion of
primary consolidation was in the range of 65%
to 85%. In those areas where the strip drains
could not be installed to the designated design
depth, a much slower rate of consolidation was
observed. It was estimated that the primary
consolidation completed in these areas was
between 50% and 65%.

indicates the sequence of surcharge placement.
The final surcharge configuration remained in
place through March 1990, approximately one (1)
year following initial strip drain installation
and surcharge placement. The magnitude of
measured settlement ranged from approximately
50 inches along the east border of the
surcharge to approximately 110 inches at the
center of the building/surcharge area. This
magnitude was over double the settlement
estimated during the subsurface evaluation
phase.

At that time, it was concluded that removal
of the surcharge material to floor slab and
subgrade elevation followed by building
construction would result in a total
differential settlement beyond that considered
tolerable for the structure. Therefore,
continued monitoring of the surcharge
instrumentation for an additional 8 to
12 months (i.e., until June to September 1990)
was recommended. However, Chiquita Brands
indicated that it would be necessary to remove
the surcharge and begin site work and
foundation construction by February 1990.
Based on this constraint, Duffield Associates
recommended placing additional surcharge to
induce more settlement of the compressible
materials in the areas of limited strip drain
penetration so that the proposed building
construction could proceed in February 1990.
Based on these discussions with Chiquita in
September 1989, approximately 5 to 6 feet of
additional surcharge was placed throughout the
proposed building area in October 1989.

Two test borings (TB-1A and TB-2A, see Figure
3) were performed through the surcharge
material and compressible subgrade soils prior
to surcharge removal. The purpose of these
test borings was to obtain samples of the soils
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Figure 4, "Cross Section surcharge Area,"
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FIGURE 4: CROSS SECTION SURCHARGE AREA
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'to assess the strength gain and degree of
consolidation which had occurred due to strip
drain and surcharge placement. Laboratory
testing including moisture contents, Atterberg
limits, unconfined compression tests, and
consolidation tests were performed on the
samples obtained.

strip drain penetration (approximate
elevation -42 feet).
3.

Six (6) consolidation test curves
developed from tests performed on the soil
samples obtained at the site are
illustrated on Figure 6. Consolidation
curves No. 1 and 2, from the July 1988
test borings, are based on testing prior
to the period of surcharge. The remaining
four (4) consolidation tests were
performed on samples obtained (TB-1A and
TB-2A) from the area of strip drain
penetration and the underlying
compressible soils following the period of
surcharge. A comparison of the estimated
surcharge magnitude and preconsolidation
pressure (determined from the
consolidation curves) indicated that
primary consolidation was ongoing at the
time of proposed surcharge removal. A
comparison of the preconsolidation
pressures with the estimated loading
conditions following surcharge removal and
building construction indicated that,
based on post construction loads, primary
consolidation in the "upper" layer of
sediments penetrated by the strip drains
was near completion at the time of
surcharge removal. This information is
summarized on Table 1, "Consolidation Test
Data Summary."

The test boring information and laboratory
test data were compared with the information
obtained during the subsurface evaluations
performed prior to the surcharge period. The
following observations are made based on review
of the data:
1.

The 1987 and 1988 evaluations indicated
that the average Standard Penetration Test
(SPT), N-values determined in the
compressible dark grey organic .silts
ranged from "weight of hammer" to 2. At
approximate elevation -so feet, the SPT
data indicated an increase in strength
with depth. More competent soils were
encountered at approximate elevation -100
feet. The test borings performed
following the strip drain and surcharge
period indicated an average SPT, N-value
of between 2 and 4 blows per foot
determined in the compressible dark grey
silts, which indicates a significant
increase. The variation of the SPT,
N-Value with increasing depth for the
various test borings is illustrated on
Figure 5, "Summary Plot SPT, N-Values."

Based on review of the available data it was
estimated that consolidation settlement during
the life of the building will consist primarily
of secondary settlement within the range
estimated (6 to 12 inches in 20 years). Some
continued primary consolidation settlement is
anticipated in the "lower" layer of soil not
penetrated by the strip drains.

STANDARD PENETRAllON TEST, N-VALUE

0

5

10

15

20

25

30

20~~~~~~~~~~~~~-L~~~~~~

_....
AoC-

-----

-2

---- ELE:V. -+1.5. BOTTOM OF STRIP DRAINS
~

-6

~

~

""

>..:::

-8

"'~

BORING
BORING
BORING
BORING
BORING

1B-1A %ARCH 1990)
1B-2A MARCH 1990)
CB-1
JULY 1988)
CB-2
JULY 1988)
18-1
OVEMBER 1987)

I

-.;-..;;;:

\

KE:'f
o • TEST
"' m TEST
A • TEST
• • TEST
0 = TEST

i--

10

........

~ ~ ~::-..
\ "\ 1\\. r--. 1'-..
r\ \ \\
\

\

\

\
2.

In the area of strip drain penetration, an
average moisture content of 45%-60% was
determined in samples obtained after the
surcharge period. The prestabilization
test boring soil samples generally had
moisture contents in the range of 60% to
75%. This decrease in moisture content
indicates the effects of consolidation
drainage. Review of the laboratory test
data indicates that the lower moisture
contents were generally near (although
greater than) the soils liquid limit,
indicating increased soil stability. No
significant difference in the pre and post
surcharge moisture contents was observed
for samples obtained below the area of
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FIGURE 6: CONSOLIDATION TEST RESULTS
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Table 1: CONSOLIDATION TEST DATA SUMMARY

Curve

.....lliL
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Boring

Test
Sampled Elevation
(motyr)
(feet)

Liquid

J..l!lJlL

Plasticity
Index

P0 , At Time
Of Sampling
(KSF)

Estimated P0 ,
Post
Construction
IKSFl

Po
(KSF)

Water
Content

Dry
Density

Compression
Ratio

Recompression
Ratio

__f&L

JE.QF)_

C'

C'

CB-1

7/88

-38

49

18

1.9

1.9

65

55

0.20

2

CB-1

7/88

-12.5

60

24

1.0

1.1

68

57

0.19

3

TB-1A

3/90

-28

46

18

3.6

3.5

2.8

46

73

0.08

0.03

4

TB-1A

3/90

-61

57

24

5.3

3.4

4.5

65

61

0.18

0.01

4.4

3.6

3.0

54

67

0.12

O.Q2

4.9

3.0

3.5

64

61

0.17

0.02

5
6

TB-2A

3/90

-29

46

18

TB-3A

3/90

-44

58

25

NOTES: P. =Overburden Pressure; P. = Preconsolidation Pressure

SURCHARGE REMOVAL

Based on review of the instrumentation
settlement data and the analysis of the test
boring and laboratory information, it was
concluded that surcharge removal could proceed
in the spring of 1990 and that postconstruction settlement would be within that
tolerable for the type of building proposed.

25

20

The surcharge was removed to building sl~b
subgrade elevation in March 1990. The building
foundation plans prepared by Duffield
Associates required a reinforced concrete mat.
The mat design provided an isolation joint
between the office/mezzanine area and the
maintenance bays of the facility. In addition,
the superstructures of these areas were
designed to be structurally independent of each
other. Therefore, the building design allowed
differential movement between portions of the
building constructed over areas of full strip
drain penetration and those areas in which the
average strip drain penetration was
approximately 10 feet.
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The data obtained at the time of surcharge
removal indicated that the observed settlement
was approximately 2 to 3 times greater than
that estimated during the subsurface evaluation
phase (based on the originally proposed
surcharge to elevation 17). The greatest
settlement magnitudes were measured at the
center of the building in the area of full
strip drain penetration and along the
approximate northwest border of the surcharge
area in an area of approximately 25 feet of
surcharge (twice the thickness of surcharge
originally estimated). Figure 7, illustrates a
cross section of the soil surcharge and an
"interpolated" profile of the settlement
determined from the readings during the
surcharge period and following the surcharge
t"emoval.

POST CONSTRUCTION MONITORING

In July 1990, the settlement plates, settlement
points and piezometers were abandoned during
construction of the reinforced concrete mat
foundation. Following mat construction, twenty
(20} monitoring points were established on the
mat and settlement monitoring at these
locations continued. The settlement data for
the building has been summarized for five
locations in the building, including the center
and the four corners ·Of the building. This
information is illustrated on the graphs of
Figures 8 and 9. Figure 8, indicates the total
measured settlement for the period from initial
surcharge placement through approximately 1 1/2
years following building construction (March
1992}, a period of approximately 1,000 days.
Figure 9 indicates the settlement measured
following surcharge removal and building
construction.

Based on the settlement information,
consolidation test data and the actual amount
~f surcharge placed in the building area, the
theoretical total primary settlement was "back"
calculated based on one dimensional
consolidation theory. The results indicated
~alculated settlement magnitudes within 10% of
~hose measured in the field, when the weight
iue to the actual amount of surcharge placed
ias utilized in the calculations.

The reasons for the variation in the post
construction settlement magnitude (3 to
10 inches) is not clear based on strip drain
penetration information, thickness of surcharge
and settlement information obtained during the
surcharge period. Area c, the approximate
south corner of the building, was an area which
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primary consolidation of the sediments below
the strip drains and a greater total settlement
magnitude would be expected. However, a deep
soil boring to confirm the actual depth of
compressible soils in this area was not
performed.

TIME (DAYS)

20.00

Review of the settlement graphs (Figures 8
and 9) indicates that relatively constant rates
of settlement have been established throughout
the building slab. Based on the settlement
monitoring data, the projected total post
construction settlement (due to combined
primary and secondary consolidation) for the
building slab with the exception of the south
corner is between 5 and 10 inches for the
10 yea~ post construction period (year 2000).
The 20 year projected post construction
settlement is between 6 and 12 inches. At the
south corner settlements of 18 and 20 inches
are estimated for the 10 and 20 year periods.
The 6 to 12 inches of post construction
settlement is within that estimated during the
subsurface evaluation.

'Ul'
w40.00
:I:

~

.::::;..

!i 60.00
UJ

~

t;; 60.00

(/)

c

KEY
A • NORlH CORNER OF BUILDING SLAB
B
WEST CORNER OF BUILDING SLAB
C = SOUTH CORNER OF BUILDING SLAB
0 • Eb.ST CORNER OF BUILDING SLAB
E • CEN1ER OF BUILDING SLAB

=

A

100.00
FlGURE 8:
TOTAL t.tEIISUREO Se:rn..EMENT SUMt.tARY

120.00

TIME (DAYS)

E

. . . . . . ,__

10
0.00 :t----~~~~==~~~,__.___.__._.

1000

STRUCTURAL CONSIDERATIONS
A

The Chiquita Brands facility was constructed on
a rigid reinforced concrete mat to minimize
detrimental differential movement between
building columns. Based on the settlement
data, the projected differential conditions
indicate a maximum differential movement
typically considered tolerable for a steel
framed warehouse structure of the type
constructed. Some maintenance may be required
at the intersection of the office mezzanine and
maintenance facilities. These two areas are
structurally independent and are separated at
the concrete mat. However, movement between
these two areas may cause some "wrinkling" of
the overlapping flexible siding. This
maintenance is considered to be of an
architectural and not structural nature. In
addition, the building has been provided with
extended anchor bolts at the column locations.
The extended anchor bolts will allow adjustment
of the column elevation in areas wher• larger
settlements are observed to minimize the
potential effects of differential settlement.
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FIGURE 9:
POST CONSTRUCTION SETTLEMENT SUMMARY

had received full strip drain penetration and
indicated the smallest magnitude of settlement
during the surcharge period. Area A was an
area in which only approximately 50 percent of
the strip drains penetrated to their specified
depth and subsequently, this area received
additional surcharge to increase the magnitude
and rate of consolidation settlement.
As-built survey information obtained at the
time of the building floor slab construction
"layout" indicated the final building location
had been shifted to the northwest relative to
the original proposed building location (on
which the location of the surcharge was based).
This resulted in a final building configuration
which did not completely coincide with the
strip drain area. The west corner (Area B) of
the building was outside the area of strip
drain penetration by approximately 10 feet
while the south corner (Area C) of the building
was outside of the strip drain area by several
feet. The results of this relocation of the
building may have had some influence on post
construction settlement measurements, however,
the building off-set does not appear to account
for the magnitude of this variation.

CONCLUSIONS
soil stabilization by strip drains and
surcharging allowed shallow foundation
supported building construction over soft,
compressible soils in excess of 100 feet in
depth. A thorough geotechnical analysis and
engineering consultation. enabled the owner to
assess the options for site development. The
owner selected the strip drain/surcharge soil
stabilization and shallow mat foundation
alternative resulting in significant cost
savings when compared to a conventional pile
supported system. To date the facility has
performed as expected and has experienced no
maintenance problems.

An possible explanation for this settlement
difference may be the possible presence of a
greater depth compressible soils below the
approximate building south corner (Area C) and
below the penetration depth of the strip
drains. If this condition exist, continued
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